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INTRODUCTION
In the course of studies dealing with the Dutch elm disease, it
has become apparent that there.is a need for a rapid, efficient screen�
ing method for determining disease resistance.

Tissue culture is a

discipline that is now well accepted in the field of plant physiology,
but is a rather new technique in the field of plant pathology.

The

investigations of diseased tissue, until recently, has been done with
the intact plant.

This study has investigated the possibility of

studying the growth of the fungus on host tissue cultures as a screen
ing technique.
The concept of cultivating isolated plant tissue on artificial
media was first conceived by Haberlandt in 1902 (c . f. Carew and
Staba 1965).

Robbins in 1922 reported the growth of excised root

tips in sterile culture on an artificial medium.

Kotte (c. f. Carew

and Staba 1965), working in Germany, reported the cultivation of pea
and corn roots on artificial media.

Neither investigator achieved

continuous growth of the roots in culture.

Indefinite growth of

existed roots was reported by· White. in 1934 .
In 1939·, White, ·Gautheret
and. Nobicourt (c. f. Willmar 1966)
,
independently report�d callus cultutes capable of repeated subculture.
Overbeek et al. (1941) initiated the use of coconut milk in
plant tissue culture media .

In 1954, Muir� al. reported callus

cultures produced from isolated single cells and in 1958 Steward and
his associates isolated p;I.antlets from su_spension cultures which grew
into normal plants.
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A detailed discussion of further accomplishments in plant tissue
culture, history and methods can be found in the following reports:
Carew and Staba 1965, Wilimar 1966, White and Grove 1965 , White 1963,
and Riker and Hildebrandt 1958.
There is a large and rapidly expanding literature concerning the
successful cultivation of plant tissues in vitro.

The greatest volume

of the literature deals with herbaceous plants and in comparison little
work has been done with tree species.
In 1950, Ball reported establishing slow growing but continuous
cultures of tissue isolated from burls of Sequoia sempervirens.
Loewenberg and Skoog (1952) using tissues from embryos and young
seedlings of the gymnosperm Pinus strobus established tissue cultures
on artificial media.

Jacquiot (c. f. Wolter and Skoog 1965) in 1959

attempted to culture 25 different forest tree species, but obtained
culture of only seven:

Populus tremula, Betula verrucosa, Castanea

vesca, Ulmus campestris, Prunus avium, Tilia parifolia and Fraxinus
exceisior.
In 1964, Jacquiot (c . f . Borchert 1967) established tissue cultures
of 22 different s�ecies of trees.

J�cquiot found that tree tissues

usually grow very slowly; vitamin and phytohormones usually have no
effect upon the growth of callus cultures, and tissues isolated from
the same general area of one tre.e frequently show different rates of
growth in culture .
White (1943) has also reported the culture of Ulmus carnpestris
along with work with maple and willow.

Hotson and Cutter (1951)

3

have grown cultures of juniper.

Reinert and White (1956), White

(1963 and 1967), and Risser and White (1964) report the establishment
of a routine for the cultivation of spruce tissues.

Mathes (1967 )

reports the in vitro growth of Acer s·accharum and Acer pennsylvanicum
callus from stem and primary root tissue.
Holmes ·(1954) obtained cultures of Ulmus americana, Ulmus glabra
and Ulmus pumila using Gautheret's medium.
obtained with White's media.

No callus production was

'Holmes reported no growth with 2,4-D,

casein hydrolysate or coconut milk without the addition of cysteine to
the basal medium.

Callus growth was produced on NAA - cysteine medium

and if coconut milk was used at 40%, this replaced the requirement of
NAA.

Holmes reported the optimum temperature for callus growth was

27 ° C; temperature being limiting at 9 ° C and 30 ° c.

Indefinite elm

callus growth was never obtained in his work because after the second
subculture g_rowth declined rapidly.
In 1959, Pelet reported the growth of Ulmus americana from stem
tissue on Hildebrandt's medium with 0. 1 mg/L of NAA and 15% coconut
milk, however, callus growth,was slow.

Pelet (1959) reported the

optimum temperature for elm callus as 28 ° C and the optimum pH of the
medium as 5. 5 to 6.
Organ formation in tree tissue cultures has been reported in
Ulmus campestris by Gautheret (c. f . Holmes 1954) and European aspen
and birch by Jacquiot (c. f. Winton 1968).

The first production of
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complete plantlets from aspen tissue cultures was reported by Winton
(1968).

The aspen plantlets were obtained on Welter's medium (Wolter

and Skoog 1966) without auxin and 6-benzlaminopurine.
Tchernoff (1963) has demonstrated that American elms may be
propagated from root-callus in the greenhouse.

Shoots which grow

from this callus can be removed and rooted.
Early work with tissue culture and pathology was done on the
crown-gall disease.

It was demonstrated that the tumor tissu·e could

· be cultured and its growth was not dependent upon bacterial stimulation(White and Brawn 1942).

Since this time much work has been done with

nutritional, hormonal, morphological, cytological and pathological
aspects of plant tumors in culture (Willmar 1966, White and Grove 1965).
Nearly all of the phytopathological tissue culture concerning

the fungal diseases has been done with obligate parasites (White and
Grove 1965, Nozzolillo and Craigie 1960, Milholland 1962, Hotson and
Cutter 1951, Garber and Goldman 1956, Cutter 1951, 1959, 1960, Hotson

1953, Turel and Leding�am 1967).

The primary purpose of these studies

has been to cultivate the pathogens which cannot be grown on any
artificial culture medium.

However, . Koenigs (1968) has used the

tissue culture method to determine whether the white pine blister rust
fungus was viable to antibiotic treated cankers.

No literature was

found concerning facultative fungi and tissue culture.

Volcani et al.

(1953) reported on studies concerned with the effect of facultative
bacteria on various callus cultures.
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The Du·tch elm disease, discovered in Holland in 1919, was brought
to the United States in 1931, and is now scattered throughout most of
Europe and the eastern and midwest sections of this country.

It is

annually creeping farther west and now has been isolated in eastern
South Dakota by Randall et al. (1968).

The Dutch elm disease is

caus�d �y a member of the Ascomycetes, Ceratocystis ulmi.

A culture

of Ceratocystis ulmi is characterized by short tufts of hyphae and
concentric zones of growth und�r intermittent light (Hunt 1956).
Clinton and McCormick (1936) reported that at first the fungus culture
is white, but later it becomes yellow due to conidia.

Occasionally

black dots appear on the agar due to staghorns or coremia.
Tyler and Parker (1945a) reported that the optimum temperature
for growing the fungus on potato-dextrose agar is 21 ° to 30 ° c.

They

also found that the fungus lives as a saprophyte for a considerable
part of its normal life cycle.
In the past, much emphasis has been placed on the colonization in
vessels and tracheids by the Dutch elm fungus.

The fungus mycelium,

however, is very sparse in these areas according to Ouellette (1962a)
and Banfield 'and -Smith (1936).

Wilson (1961) believes that the

mycelium could not obtain enough nutrients from the vessels to support
this growth unless certain exogenous enzymes were produced that acted
upon the living cells associated with the vessels.

The mycelium tends

to grow along the vessel walls, spreading from vessel to vessel through
bordered pits (Ouellette 1962a, Banfield and Smith 1936, Clinton and
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McCormick 19 36) .

Banfield and Smith (193_6 } and Ouellette (1962a) also

reported that the fungus may also pass from vessel to vessel by direct
penetration of cell walls by the hyphae.

The disease also spreads

from the point of infection by the production of spores.
The ultimate result of this fungal infection is a wilt.

The

leav�s yellow, then brown and fall off so there is defoliation of the
tree; later branches also die.
Several wilting mechanisms have been proposed.

Plugging of

vessels by gums, tyloses, or cytoplasm from parenchyma cells has been
suggested by many investigators (Clinton and McCormick 1936, Kerling
1955, Gagnon 1967a) .

Beckman (1956) reported that abundant production

of pectin depolymerase by Ceratocystis ulmi which may hydrolyze the
pectic materials in the middle lamellae and primary cell wall causes
vascular blocks.

He also found Ceratocystis to produce a substance

comparable to indoleacetic acid in culture.

He believed the presence

of such a fungal g�owth regulator could play a part in _tylosis.

Holmes

(1954) reported that Ceratocystis ulmi releases a pectinase which
breaks dm.m cells causing a plugging of the pit membrane by high
molecular weight breakdown products of these cells. Toxins produced
.
by the organism also have been suggested as the.killing agent in the
Dutch elm disease by Zentmyer and Horsfall (1942), Feldman et al.
(1950) , Salemink et al. (1965), _and Kerling (1955) .

Ouellette (1962a)
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has postulated that disintegration of cell walls and large masses of
the fungus were the primary cause of vessel plugging in large and
small branches.
Xylem discoloration is one of the first visible symptoms of the
Dutch elm disease.

Ouellette and Gagnon (1960) and Ouellette (1962b)

obse�ved that the spores and mycelium of Ceratocystis ulmi can turn
brown, and he reported that the brown color of the spores and mycelium
is responsible for at least part of the discoloration of the xylem
tissue in diseased trees.

Gagnon (1967a) studied the production of

polyphenols in American elm xylem infected by Ceratocystis ulmi.

He

reported that xylem browning is possibly due to the presence of
oxidized phenolic compounds and their effect may be to interfere with
sap movements.

The phenolic interference may be.th� result of their

action on living cells or by acting as occlusion material or they may
also act as toxins.
Needless to s�y, there is considerable discussion in the literature
upon the mechanism of pathogenic wilt.

In the past, attention has been

focused on the vessels as the site of activity of wilt-inducing fungi
of trees.

Now the focus is starting.to shift toward the living

parenchyma cell as this siteo
Parenchyma cells are believed to have a direct role in trans
location of water in plants (Han�ley 1939, Greenidge 1955 and 1960,
Postlethwait and Rogers 1958) .

According to Wilson (1965) invasion
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and killing of the parenchyma tissue by the fungus alone may reduce or
stop the water movement upward in the tree.
Evidence is accumulating that would suggest living cells do
have a parasitic relationship to the Oak wilt and Persinunon wilt

organisms (Wilson 1961 and 1963) and also in the Dutch elm disease
(Wils.on .1965).

Kerling (1955) indicated that parenchyma cells are

involved, but he believes that toxins are the agents which disrupt
the cells.

These toxins have not been demonstrated in vivo and the

nature of their action on the host plant has not been described in
the literature.
According to several investigators, the American elm is the
species most susceptible to the disease while the pumilia group is
rather resistant (Arisumi and Higgins 1961, McKenzie 1965, Dermen
and May 1966, Smucker 1941) .

Beckman (1966) attributes resistance

to a mechanism by which plants, once infected, protect themselves
by vascular occlusions.

Kerling (1955) believes that the rate at

which vessels are blocked may determine the susceptibility of a tree.
Kerling also states that a study comparing the behavior of living
cells of resistan� species with that.of a less resistant one may
give some insight into factors concerned with resistance .

Hanover (1964) states that the post infectional rise in phenolic
compounds appears to be one of t_he best documented characteristics
of resistance to fungal diseases but no data have yet appeared to
explain how increased phenol concentration is related to resistance.
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Gagnon (1967a) theorizes that the phenols could possibly retard the
growth of the fungus, thereby making the tree resistant.
Singh and Smalley (1967} found some correlation between the amount

of amino acids present and resistance to the Dutch elm disease.
Elgersma (1967) experimented with the rate of spore transport in
resi�tant and susceptible elms.

He reported that spore transport was

limited in resistant trees because of rapid vessel blockage.

This

rapid inhibition would agree with the hypothesis put forth by Beclanan
(1966) and Kerling (1955).
One report of work done on the Dutch elm disease using tissue
culture technique states that Holmes in 1954 exposed American elm
callus to extracts of·Ceratocystis ulmi.

He found the extracts

to have no effect on the living cells and he suggested that the
action must take place in the vascular system of an intact plant
rather than on living cells.
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METHODS AND MATERIALS
A pure strain of Ceratocystis ulmi was obtained from the
department of,Plant Pathology at South Dakota State University.
This strain was maintained on potato dextrose agar (PDA) and kept
under refrigeration at approximately O degrees centigrade.
American elm, Ulmus americana L. , Slippery elm, ·u1mus rubra
Muhl. , Siberian elm, Ulmus pumila L. var. "Chinkota", and a hybrid
elm� ·u1mus·pumila x·u1mus·rubra; were the plant species used in
this research.

All callus cultures were obtained from leaf tissue.

Leaves were surface sterilized in a 2% solution of calcium
hypochlorite for approximately 10 to 20 minutes under continuous
agitation.

The sterile leaves were then aseptically transferred

to 125 ml Erlenmyer flasks containing medium.

Transfers of callus

and inoculations were all accomplished in a positive pressure �ood
equipped with an ultraviolet light.

Inside surfaces of the hood

were washed down with 70% ethyl alcohol and transfers were done over
a paper towel soaked i� 70% ethanol.

Instruments were flamed with

an alcohol lamp periodically during callus transfers and inoculations.
Instruments,_media and flasks were autoclaved for 20 minutes at 15
pounds of pressure per square inch.
The Gwo types of media used in this research were White's
(Machlis and Torrey 1956) and Murashige and Skoog's (196 2).

White's

macronutrients and vitamins were used with Hoagland's micronutrients
(Machlis and Torrey 1956), ten per cent coconut milk by volume, 20
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grams-per-liter of sucrose, and one ppm, �,4-D.

Murashige and Skoog's

(M & S) medium contained macronutrients and micronutrients, vitamins,
forty per cent coconut milk, 25 grams-per-liter of su•rose and five
ppm NAA.
FeEDTA, vitamins, 2, 4-D and NAA stocks were prepared on a ppm
basis. and kept under refrigeration.

The macro-salts and micro-salts

were prepared in 1. 0 molar stock solutions but not refrigerated.

Coconut milk was obtained from coconuts purchased at a local
market.

The liquid endosperm was boiled for 10-15 minutes and

then filtered with a Buchner funnel.

All additions to the basic

medium were made before adjusting the pH to 5. 6-5. 8.

Forty

milliliters of medium were poured into 125 ml. Erlenmyer flasks
which contained an agar agar No. 3 pill (Colab Co. ) and autoclaved .
The flasks were removed and the cotton plugs were covered to avoid
contamination with dust, and allowed to cool for at least 24 hours.
Liquid cultures we�e prepared by pouring 20�25 ml . of the medium in
T-flasks which were then placed on a rotating shaker at 5 R. P. M.
Attempts to differentiate American elm in liquid shake cultures
were made with. M

& S media. Both coconut milk and 6-benzylaminopurine -

were varied with concentrations of·6-benzlaminopurine from . 5 to . 05
ppm and coconut milk from 20% to 10%.

•

Siberian elm callus was placed

in liquid shake cultures consis�ing of M & S medium with 10% coconut
milk and White's medium with 10% coconut milk.
Root cuttings were established in the Botany greenhouse in a 3:1
mixture of soil and sand .

Five to six centimeter segments of root
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were cut from Siberian and American elm seedlings .

The segments were

treated with indolebutyric acid and placed in the soil.

The cuttings

were covered with polyethylene to maintain a high humidity for one
week.
Inoculum of Ceratocystis ulmi was prepared by flooding with
glass distilled, sterile water the elm callus culture which had been
infected by the organism 18 - 21 days earlier and was producing
spores from coremia.

The liquid was swirled to suspend the

coremiospores and then withdrawn with a sterile hypodermic syringe
and needle.

Approximately three or four drops of inoculum were

applied t'o one-month-old callus cultures.

The concentration of

coremiospores in the inoculations was 60 to 80 spores/ul.
concentration was determined with a hemocytometer.

Spore

The tissue

culture controls were moistened with sterile distilled water instead
of the suspension.

After one week from the date of inoculation,

the callus culture� were fixed in a formalin-aceto-alcohol (FAA)
solution.

Segments of the calluses were dehydrated, imbedded and

then sectioned on a rotary microtome at 10-11 microns in thickness
and stained with fast green and safranin.

Photo-micrographs of

the tissue sections were taken with a Leitz microscope with an
orthomatic camera attachment.

Close up photographs of flasks and

petri plates were taken with a 35 mm camera equipped with extension
tubes.
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.
to determine if a substance was present in elm callus
In ord er
and wood that induced sporulation a Soxhlet apparatus was utilized
for extracting elm tissue.

The elm wood was finely ground in a

Waring blender without the addition of liquido

One hundred and fifty

milliliters of methyl cellosolve, methanol, acetone, ether and H 2o
was used to extract the wood for 48 hours.

One gram of extracted

wood was added to White's or M & S basal medium and inoculated .
extracted elm wood medium was· used as a control.

Non

The elm extract was

diluted to 1: 10, 1: 60, 1:100 and 1: 1000 with White's, M & S, and potato
dextrose agar.

- --

The agar was poured into petri plates and inoculated

with C. ulmi.
All cultures, unless stated otherwise, were grown at a room
temperature of 23 ° ± 2 ° c and in alternating humidity and light
conditions of the laboratory.
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RESULTS
Elm tissue culture.
leaf tissue.

American elm callus was obtained from young

The callus was established from leaves taken from mature

American elm trees, seedlings grown from seed, and root cuttings in
the greenhouse.

An attempt was made to produce callus from stem

cambium but all cultures became contaminated and no effective means
of preventing the contamination was-found.

Callus tissue grew very

slowly on White's medium and appeared very dark, however, the callus
remained alive through several transfers, as shown in Fig. lA.

Callus

tissue which was growing on White'� medium, was transferred to M & S
medium and it grew on this medium very slowly but had nodules of white,
friable callus (Fig. lB).

The 2, 4-D concentration in M & S basal

medium was increased to 2, 6 and 10 ppm with the latter concentration
producing a slow-growing healthy appearing callus tissue (Fig. lC).
Continued experimentation showed that NAA at 5 ppm substituted for .
2, 4-D and that raising the coconut milk concentration to 40% gave the
best growth.

Fig. 1D is American elm callus on this type of medium.

Callus tissue has been maintained -on this medium eleven months by
successive transfers and subsequ�ntly kinetin was substituted for
coconut milk and the effect of NAA'and kinetin on the growth of
American elm callus is shown in Fig. 2 .

Because of the synergist�c

interaction between auxin and kinetin both were included in all
subsequent media .

Similar growth curves were obtained on a dry

weight basis with callus tissue being approximately 83% water.
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Figure 1. Growth of American elm callus on different media.
(A)
secondary callus on White's medium with 1 ppm 2,4-D and 10% coconut
milk (B) secondary callus transferred from White's medium to
Murashige and Skoog's with 1 ppm 2, 4-D and 10% coconut milk (C)
callus on Murashige and Skoog's medium with 10 ppm 2, 4-D and 1V%
coconut milk (D) callus tissue growing on Murashige and Skoog's
me dium with 5 ppm NAA and 40% coconut milk.
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Figure 2. The effect of kinetin and NAA on the growth of American
elm callus tissue. Four replications·after 34 days growth.
Fig. 3 illustrates the performance of Slippery elm callus tissue
on White's, Hoagland •·s (Sun 1966) and M & S medium each containing 10%
coconut milk and 1 ppm 2,4-D.

Both Siberian and Slippery elm grew

well on White's medium, however,· similar growth could be obtained
using Murashige and Skoog's medium with 40% coconut milk and 5 ppm
NAA and the latter medium was therefore used.
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Figure 3 . Growth of Slippery elm callus on different media.
(A) White's medium (B) Hoagland's medium and (C) Murashige
and Skoog's medium with 10% coconut milk and 1 ppm 2,4-D.
No root or shoot ·formation was observed in any American elm callus
started from-leaves of mature trees, but root formation did occur from
callus produced from · young seedli�g leaves (Fig. 4).

Several different

concentrations of 6-benzylaminopurihe with M & S medium had no observ
able effect on totipotency but two types of American elm calluses were
found in the same culture.
the other friable .

The one part being hard and compact, and

The compact callus grew into or in contact with_
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Figure 4. American elm callus with roots.
leaf of young seedling.
the agar.

Callus originated from

Fig. SA is a region of differentiation in the compact area

of American elm callus.

Pits in the secondary wall could be seen

with higher magnification (Fig . SB) .

Figure SC is a cell undergoing

mitotic division in the friable callus.

The cell appears to be in

telophase with a cell plate starting to form.

No mitotic figures

were observed in liquid suspension cultures or in compact callus
tissue.
In liquid shake cultures of Siberian and American.elm, single
cells were found in suspension hav�ng been sloughed off from clumps
of callus tissue.

The giant single cells were asymmetrical or sickle

shaped (Fig. 6A) and several of these cells had smaller cells budding
off at eilher end.

In both American and Siberian elm cultures fila

ments of cells were noted in suspension (Fig. 6B) .

Along with the

cell suspensions were numerous clumps of -tissue which formed promising
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Figure 5. Sections of American elm callus. (A) differentiated
area of firm callus, X259; (B) higher magnification showing pits
in secondary wall, Xl211; (C) cell undergoing division in ffiable
callus tissue, Xl211.
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Figure 6 . Elm callus and free cells grown in liquid culture . (A)
single cell of American elm, XSOO; (B) Siberian elm filament of
cells, X320; (C) clump of Siberian elm callus in liquid suspension
culture, X20; (D) globular mass of small cells in American elm
culture, X320 .
looking nodules but no differentiation into roots or shoots occurred
(Fig . 6C) . . Glo�ular masses · of small, highly granular-cells were
characteristic of American elm cell cultures (Fig . 6D) .
Callus was also produced on American and Siberian elm root
cuttings in the greenhouse .

Root segments, which had been removed

from young seedlings, were inserted in clay pots containing a soil
and sand mixture of 3:1 .

After four days the roots began to swell

21

Figure·7. . Production of shoots from callused elm roots in the
greenhouse . (A) American elm root with adventitious buds
developing from ring of callus (B) American elm root with young
developing shoots (C) Siberian elm parent root with several
young shoots.
and split the epidermis .

By three weeks a ring of callus protruded

from the cambial region· of the root.

-

Differentiation of the callus

tissue resulted in the production of numerous adventitious buds as
shown in Fig . 7A.

Attempts w�re made to cult·ivate the buds in vitro

failed because of contamination problems .

However, in the greenhouse

leaves emerged from the shoots (Fig. 7B) and after approximately
eleven weeks the shoots had ten to twelve leaves (Fig. 7C), which
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Figure 8. Growth characteristics of Ceratocystis ulmi mycelium
in culture. (A) C . ulmi growing on PDA . Note tufts of hyphae
(B) fan-shaped secto�rient on PDA (C) f· ulmi hyphae growing
on Siberian elm tissue culture . Note ladder-like connection
between two hyphae, XSOO .
were then removed from their parent root segments.

The excised shoots

were planted in earthenware pots and covered with polyethelene to

prevent wilting.

After the first crop of shoots were harvested, new

ones emerged from the callu·s ring- .
Results of growing Ceratocystis ulmi on callus tissue.

Stock

cultures off· ulmi on potato dextrose agar were characterized by
short tufts of aerial hyphae as shown in Fig. 8A .

In some cultures

fan-shaped sectoring from the center of the culture plate was noted
(Fig . 8B) .

These sector variants · originated spontaneously on several
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different types of media.

Hyphae growing on callus tissue were

infrequently branched with slightly wavy parallel walls with an
occasional ladder-like connection between two hyphae (Fig. BC).
Ceratocystis ulmi grew on American, Slippery, Siberian and
hybrid elm callus cultures.

By the fourth or fifth day after

inoculation, a sparse growth of mycelia could be seen on the callus
surface.

The fungus had formed a dense mat and the callus cultures

appeared dark after seven to ten days (Fig. 9A).

Close examination

of these cultures showed a luxuriant growth of asexual coremia with
clear or slightly yellow, depending upon age, droplets adhering to
the stalks (Fig. 9A).

These coremia were restricted to the callus

tissue and the immediate surrounding area of agar.

No coremia were

ever observed on the medium which was not adjacent to the callus
tissue.

All elm cultures ceased growing and appeared shrunken after

the fungus had overgrown the callus culture (Fig. 9A), indicating the
Ceratocystis ulmi grew on

loss of turgor and killing of cells.

Murashige and Skoog's and White's media without the presence of callus
J

tissue (Fig. 9B) but failed.to produce coremia.
Plant.tissue cultures of unrelated species were also inoculated
with the fungus.

The organism gre� and £armed coremia on Bountiful

bean, carrot, and soybean callus tissue but grew very slowly on
tobacco and did not produce coremia.
corn callus.

No coremia were observed on
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Figure 9 . Growth of Ceratocystis ulmi on tissue and culture medium.
{A) Slippery elm callus with C. ulmi . Note coremia . (B) C . ulmi on
White's medium . Note absence of coremia. (C) tobacco callus with
�- ulmi . Note lack of infection.
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Examination of microscopic sections of inoculated American elm
callus revealed that the fungus had disrupted the first several cell
layers when compared to the control (Fig. lOA, B).

The cell walls of

the affected tissue appeared to be broken-down and many cell fragments
were observed in the invaded area.

The intact parenchyma cells were

often encircled by mycelium and_contained little or no cytoplasm.
diameter of the hyphae varied greatly as shown in Fig. lOB.

The

Hyphae as

large as 3. 1 microns in diameter were found interspersed among the cells.
However, more commonly, these large hyphae were associated with coremia.
The coremia appeared to be formed from the fusion of the large hyphae

.
to form a stalk.

The coremia stalks were composed of parallel strands

of large hyphae which flared out at the tip forming the characteristic
brush-like top (Fig. lOC).

At the base of the coremia stalks large

hyphae .radiated out and surrounded a cell as shown in Fig. lOB, C.
Some hyphae, particularly in the parenchyma cells were small and thread
like.
Callus tissue of Siberian elm was also invaded by the fungus
causing destruction of the outermost cell layers.

However, in some

areas of the callus tissue the fungus had little effect upon the cells
(Fig. llB, C) .

Very large coremia stalks were found in callus which

had been invaded by the fungus, as shown in Fig. llB.

Microscopic

study of Slippery elm tissue also showed intracellular and inter
cellular hyphae, cell destruction and coremia.

Figure 12 shows the
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Figure 10. Effect of Ceratocystis ulmi on American elm callus tissue.
(A) section of American elm control callus, Xl25. Note area of differ
entiation. (B) section of inoculated American elm callus, Xl25 . Note
disorganization of invaded tissue. (C) longitudinal section of coremia.
Note cell subtending the stalk, X259.
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penetration of the cell wall by a large hyphae; at the point of
penetration the fungus appears to flatten out in a disk-like shape .
The callus of the hybrid elm was unique in possessing safranin
staining bodies in the callus tissue {Fig. 13A).

The red bodies

were scattered throughout the callus and were found in both the
cont�ol_and inoculated callus tissue .

However, the safranin stain

ing bodies were more numerous in the inoculated elm tissue and
usually occurred singly in e�6h cell .

The inclusion bodies were

usually found in the cell's central vacuole, as shown in Figure

13B, C.
Ceratocystis � also invaded callus tissue of unreiated tissue
_ cultures with the exception of tobacco callus.

The fungus did not

penetrate the tobacco callus tissue or produce coremia, as shown in
Figure 14.

Extraction of elm wood with polar and non-polar solvents.
Because coremia appeared only on callus tissue and not agar surround

ing the callus, it was suggested that the plant tissue contained some
spore forming factor.· Following this line of reasoning American elm·
wood was g!ound and extracted with.different solvents in a Soxhlet
apparatus for 48 hours. "The extracted elm wood was then dried and
placed in an agar medium with the fungus.

After 14 days the wood

from several different solvent extractions was checked for its ability
to produce coremia.

The elm wood extracted with polar solvents such

as methyl cellosolve, water and methanol (Fig. 15A, B, C) had very few
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Figure 11. Effect of Ceratocystis.ulmi on Siberian elm callus tissue .
(A) control, X25 9; (B) section showing cell disruption and coremial
production, Xl25; (C) area of callus which fungus did not invade,
X25 9.
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Figure 12. Penetration of cell wall by Ceratocystis ulmi growing on
Slippery elm callus tissue, X1125.

Figure ·13. Sections of inoculated hybrid elm callus tissue. CA} red
bodies scattered through callus, X80; (B) red body occupying central
vacuole, Xl211; (C) budding red body. in vacuole, X1211.
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Figure 14.

Ceratocystis ulmi inoculated tobacco callus tissue.

coremia when compared to the non-polar solvent extracted wood (Fig.
lSD, E, F).

It should be noted that acetone is more polar than

ether but less polar than water or methanol and in this study has
been referred to as non-polar, grouped with ether.

Of the polar

solvents methyl cellosolve was the most effective in removing the
coremial producing factor from the elm wood.
Serial dilutions of the different elm extracts were made with
PDA and inoculated with .f_. ulmi.

.In ·this experiment the medium

containing polar solvent extract-produced coremia,_whereas, the
medium containing the non-polar. solvent extract did not, as shown
in Figure 16A, B.

No dilution gr.eater than 1:10 extract-agar !'atio

produced any coremia.

The experiment was repeated using White's

and M & S media with similar results.
produce any coremia (Fig. 16C).

The control media did not
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Figure 15. Coremia production by Ceratocystis_ ulmi on extracted
American elm wood. (A)· methyl c·ellosolve, no coremia (B} water
(C) methanol (D) ether, note the abundance of coremia (El acetone
(F) control, non-extracted wood.
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Figure 16. Different solvent extracts of American elm wood and
their effects on coremia production by Ceratocystis ulmi. . (A)
PDA+ water extract, 1:10 (B) PDA+ acetone extract, 1:10 (C) PDA.
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· nrscussrnN
Experiments were designed to investigate the production of
callus from resistant and susceptible species of elms and to develop
a tissue culture technique by which certain elm species or their hybrids
could be screened for resistance to the Dutch elm disease .

At the

present time it is neces�ary to carry out such screening procedures on
adult trees or seedlings, w�ich have wide genetic variability, and
therefore, the method is neither rapid nor efficient.
Establishing tissue cultures of Siberian and Slippery elm species
did not present any significant problems .

With White's medium the

callus was easy to get started and grew rapidly after transferring
from the parent tissue.

Production of American elm callus was slow

and would have seriously limited the use of this elm species in this
study.

However, M & S medium provided a healthier ·appearing callus.

Pelet (195 9) reported the cultivation of American elm on
Hildebrandt ' s medium with 0. 1 mg/1 of NAA and 15% coconut milk,
however, after being on this medium for one month the callus tissue
had grown less than 300 mg.

Holmes (1954) reported . the best growth _

of American elm callus was on Gautheret's medium with 50% coconut
milk and 10 ppm cysteine.

He also stated that no growth occurred

with 2 ' 4-D or coconut milk without the addition of 10 ppm cysteine.
If coconut milk was used at 40% this replaced the requirement for
auxin .

He also reported no growth occurred with White ' s medium .

The
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reproducibility of these results is questionable, especially when
in this study, White's and M & S medium with 2,4-D did produce callus.
Also 10 ppm cysteine was not found to be essential for callus produc�
tion in any medium used e

It was also found that high levels of coconut

milk without NAA did produce callus but at a slower rate than when
NAA

WpS

added.

Callus remaine

alive but did not grow when both

NAA and coconut milk were both removed .

Finally a callus of the kind

shown in Figure lD was obtained on M & S medium with 5 ppm NAA and
40% coconut milk.

This medium provided easy establishment and rapid .

growth of American elm callus throughout eleven months of transfers.
Holmes (1954) reported that indefinite growth of American elm callus
could not be obtained.
It should be noted that Siberian and Slippery elm callus also
grew well on the American elm medium.

This medium was then used for

all elm species to eliminate one possible variable in resistance
I

studies.

However, the latter two elms grew well on lower levels of

auxin and kinetin.
The ? nly organ that �uccessfully produced callus in American elm
cultures - was the leaf.

Two researchers, Pelet (195 9) and Holmes (1954 ) ,

have reported production of callus from stem segments.

In this study

stem segments from seedlings and mature elm trees were inserted per
pendicular to the agar surface and callus could be seen developing
from the cambial region; however all cultures became contaminated .
Several different sterilization techniques were employed a�ways with
the same result.
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It has been reported by several investigators that the age of
the organ cultivated and the amount of time the callus maintained in
cultures has an effect on the initiation of organ meristems (Willmar
1966) .

This might account for the fact that no roots or shoots were

observed on callus tissue derived from mature elm tree leaves whereas
roots were formed from callus of young seedling leaves.

The roots

were initiated from the hard comp�ct type of \ callus tissue.

This

type of callus tissue showed signs of differe �tiation when examined
microscopically.

It is not known what controis the transition of

callus from a friable to a solid state.

It has been hypothesized that

it is controlled by the activity of an enzyme acting on the pectic
substances of the middle lamella (Willmar 19 6 6) .
The single cells and filaments of cells found in the shake cultures
of elm are similar to ones described in the literature (Willmar 1966,
Laetsch 1 9 69) .

Morula-like masses of cells in American elm shake

cultures, some with filamentous outgrowths, are similar to the ones
described by Steward (c. f. Laetsch 1969) .

Steward reported that from

these masses carrot embryoids were formed in suspension cultures.
embryoids were observ�d in American elm cultures.
been the result

of

No

This might have

using callus tissue which originated from older leaf

tissue and had been in cultivation for several months.

It is felt that

by further research with auxin- cytokinin ratios both roots and shoots
can be forced to differentiate l-E_ vitro .
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Growth of Ceratocystis ulmi on potato dextrose agar was similar
to that reported in the literature (Hunt 1956, Clinton and McCormick
19 3 6) .

The cultures were characterized by short tufts of aerial

hyphae and concentric rings.

These concentric rings appeared in

cultures grown in alternat_ing light.
observed (Fig. 8B) .

In some cultures sectoring was

According to Tyler and Parker (1945a) these

sector variants can be considered different races hence the change
must be genetic.

It also has· been reported that sector variants of

Ceratocystis ulmi are all somewhat pathogenic (Tyler and Parker 1945b) .
Cultivation of various races on nutrient agar for 7 years, without
passing them thro�gh the elm, did not change their pathogenicity.

Care

was taken in this study to avoid these sector areas as sources of
inoculum in maintai�ing stock cultures of the fungus.

No sectoring

was ever observed on callus tissue cultures.
Cera t ocystis ulmi grew on all callus tissue and penetrated the
callus surface and cells in all but tobacco.

It should be kep t in

mind that penetrat�on refers to initial invasion of the host by the
fungus.

It is known that many organisms penetrate cells of plants ·

which ar� not susceptible and which do not respond with any signs of
disease.

Therefore, appearence of intracellular hyphae does not

necessarily indicate a parasitic relationship.

In the penetrated

callus the cell walls appeared to be broken down.

This breakdown

may be caused by the production of exogenous enzymes wldch act upon
plant cell walls.

Beckman (1956) found the production of pectin
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depolymerase and cellulases by Ceratocyst is ulmi.

He stated that

there is considerable evidence that these fungal pectic enzymes
hydrolyze pectic materials in the middle lamellae and primary cell
wall.

Holmes (19 54) found that Ceratocystis ulmi can release a

pectinase into the medium it is growing in.

Gagnon (1967b) also

suggests that cell walls are acted upon by pectolytic enzymes
produced by the fungus which results in alteration of the pectin and
lign in contained in the walis.

Wilson (1961) stated that if exogenous

enzymes are produced and act on a substrate in living cells, then this
would constitute a parasitic relationship .

Wilson (1965) also reported

that a parasitic relationship between Ceratocystis ulm i and living cells
better explains many aspects of the Dutch elm d isease than blocking of
vessels.

Recently, Smalley (1962) has reported that certain growth

regulators alter the development of the Dutch elm d isease .

Growth

regulators are usually thought of as acting upon living cells and not
dead cell lumens hence, it would seem that the regulators alter the
relationship between living cells and the fungus.
Cutter (195 9) report�d that Gymnosporangium, a . strict obligate·
parasite y after g�owing on tissue cultures of its ·host became pathogenic
and destroyed the host ·tissue finally becoming saprophytic.

It may be

possible that the relationship between a fungus and its host may be
changed in vitro .
The red bodies in callus of the hybrid elm are similar to the
ones described by Masteller (1969) in sorghum tissue cultures.

Since
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Since the fungus attacked both the resistant and the non-resistant
elm cultures and other unrelated species, the results from the callus
cultures are inapplicable in an attempt to explain the effects of the
fungus in vivo and therefore could not be used as a screening device.
One important factor which may have influenced the interaction of
callus· tissue and fungus was the inoculum spore concentration.

It

has been postulated by Schreiber and Stips (1967) that excessive spore
dosages may overcome resistance .

McKenzie (1965) found that the

Buisman elm, which is usually highly resistant, can be d iseased by
artificial inoculation .

The massive spore inoculations used in this

study may have over.come any natural resistance of the tissue cultures .
Hoimes (1954) who treated elm callus with the so-called Dutch elm
toxin reported that the living cells were not affected .

He did not

report the concentration of toxin used in this study .
The. fungus did not penetrate the tobacco tissue cul tures probably
because of the physical nature of the callus rather than for physio
logical reasons.

In the other cultures the tissue was rather succulent,

the cellp being bathed in liquid containing nutrients from the med.ia .
The tobacco callus was firmer and less succulent appearing.

The

tobacco cells were no doub t surrounded by liquid media but at a level
which did not support the rapid growth of the fungus.
Since coremia were found only on callus cultures and the area
surrounding the callus culture and not on the medium surrounding the
callus, coremia formation requires some factor that is suRplied by
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these safranin stained bodies were very numerous in the inoculated
tissue, as compared to the control, the fungus may have influenced
their formation.

Gagnon (1967b) stated that diseased elms show

more positive tests for lignin and pectins than do healthy elms.

It

has been suggested by several investigators (Gagnon 1967a, b, Hanover
1964,_ B�ckman 1966) that polyphenols are involved in both resistance
and symptom development in elm species.

The rate at which the vascular

system is blocked due to the effect of polyphenols is given as a
mechanism.

Exactly how these phenols interfere with sap movement is .
Gagnon (1967a) suggests th� source of phenols may be

not understood o
lignin.

In his work he also found that the formation of polyphenols

may not be a direct effect of the fungus since injection of certain
solutions will also cause an increase in the level of phenols present.
The oxidized phenols may also play a roll in discoloration of the
tissue cultures.
Masteller (1969) suggested that the safranin stained bodies found
in sorghum callus may have a limiting membrane and possibly could be
the site of melanin format.ion or storage.

The red bodies or _structures

similar to these �ave not been described in the literature.
The penetration of cell walls by hyphae may have been direct or
through pits.

Wilson (1965) reports that no direct penetration of

cell walls were observed in his studies.

However, Ouellette (1962a)

observed the fungus penetrating the walls directly without going
through a pit.
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certain callus tissue which is not available in the nutrient media.
Clinton and McCormick ( 193 6) report that coremia are rarely found in
agar cultures, but they do develop abundantly and consistently on elm
twigs in Petri dishes.

Extracted elm wood with polar solvents pro

duced few coremia whereas extracted elm wood with non-polar solvents
produced many coremia.

Therefore, the coremia promoting factor must

be soluble in polar solvents .

Al:so, coremia were produced on polar

solvent-extract and no coremia were formed with the non-polar-solvent
extract .

These data supports the hypothesis that the substance is

soluble in polar solvents .

Since the coremia promoting factor is not

destroyed by prolonged autoclaving it probably is not a protein, and
s ince it is not extracted in ether or acetone it probably is not a
lipid, a terpenoid or steroid (Robinson 19 67) .
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CONCLUSIONS
1.

Callus tissue can be produced from Ulmus americana by the use of
M & S basal medium with 1-5 ppm NAA and 10 ppm kinetin or 40%
coconut milk.

2.

Callus tissue can be produced from Ulmus rubra and Ulmus pumila
by use of White's medium with lower concentrations of auxin ,
kinetin and coconut milk • .

3.

The age of the callus source has an effect upon the ability of
the callus tissue to form roots .

4 . · Ceratocystis ulmi can be grown on plant tissue cultures.
5. · ceratocystis ulmi grows both intracellular and intercellular in

p lant tissue cultures.
6.

Ceratocystis ulmi causes the destruction of living elm cells in
vitro.

7.

The resistance of elm species to Ceratocystis ulmi cannot be
determined by the tissue culture methods used in this study.

8.

Coremia formation requires some factor which is_ supplied by
certain callus cultures that is not available - in nutrient media
used.

9.

The coremia inducing factor can be removed from elm wood by
polar solvents .
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